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Abstract 
The objective of this study was to investigate lateral preferences in children with autistic spectrum disorder (ASD) in order to 
verify the hypothesis that the abnormal cerebral lateralization is typical for autistic individuals with severe impairment of 
language development. Handedness, eyedness, earedness and footedness of a group consisting of 17 children with autism 
spectrum disorder (ASD), all with severely disordered language development (10 boys and 7 girls, range 5.7–16.1 years; Mean 
age=9.8 years), and a control group, consisting of 17 healthy children (7 girls and 10 boys, range 5.3–12.8 years; Mean age=8.1) 
were assessed by performance tests with the aim of comparing the type and stability of these lateral preferences. The results 
showed that the group with ASD demonstrated atypical patterns of hemispheric dominance for all investigated modalities, except 
the footedness, namely, handedness, eyedness and earedness. These findings are in line with results of previous studies and 
support the assumption that the atypical pattern of cerebral laterality is linked with comorbide language impairments and not with 
the ASD per se. 
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1. Introduction 
A link between autism spectrum disorder (ASD) and cerebral lateralization abnormality has been postulated by 
many researchers (Blackstock, 1978; Dane & Balci, 2007; Dawson et al., 1982, 1986, 1989; Herbert et al., 2002; Jou 
et al., 2010; Soper et al., 1986). Over the past 2-3 decades, evidence for atypical cerebral lateralization in subjects 
with ASD has been found using various neuroimaging and behavioral techniques. 
Structural neuroimaging studies of the size of brain regions with key role in speech and language functions 
revealed reversed (Herbert et al., 2002; Hier, LeMay & Rosenberger, 1979; Jou et al., 2010) or reduced (McAlonan 
et al.,2005; Rojas et al., 2002, 2005), or no cortical asymmetries (Hashimoto et al., 1989) in subjects with ASD 
compared to controls. It was also found that anatomical differences were associated to a bigger extend with variation 
in language laterality than specifically with ASD (Knaus et al., 2010) and that the reversed asymmetries were 
presented in language-impaired autistic subjects but not in language-unimpaired autistic subjects, suggesting an 
intimate link between anomalous anatomical asymmetries and language deficit rather than autism per se (De Fossé et 
al., 2004).  
In addition to the anomalous patterns of anatomical asymmetries in language-related cortical regions, a number of 
functional brain studies have detected abnormal cortical activation patterns, predominantly right hemisphere 
dominance, in subjects with ASD during verbal auditory stimulation (Dawson et al., 1982, 1986, 1989; Redcay & 
Courchesne, 2008; Eyler, Pierce, & Courchesne, 2012). A correlation between the level of language development 
and the magnitude of the rightward bias of the asymmetry was found again (Dawson et al., 1982, 1986, 1989). 
Studies using behavioral techniques to explore perceptual, sensory and motor (manual) asymmetries have also 
provided evidence for hemispheric lateralization abnormalities in ASD. 
In fact, the results from dichotic listening studies of subjects with ASD are scarce and to some extent inconsistent. 
Prior and Bradslaw (1979) found reduced right-ear advantage and a significant excess of right hemisphere 
dominance for verbal stimuli among autistic children. Hayashi et al. (1989) also found lower advantage and clearly 
higher incidence of a left ear advantage for speech processing among high functioning right-handed autistic children. 
Blackstock (1978) revealed a left ear advantage in children with ASD, and Martínez-Sanchis et al. (2014) reported 
that children with high-functioning ASD exhibited no ear advantage for dichotic listening to verbal stimuli. Arnold 
and Schwartz (1983) however, did not find differences between normal children and children with high-functioning 
ASD with regards to the pattern of hemispheric asymmetry for dichotic verbal listening. 
Handedness has been used extensively to explore cerebral lateralization in subjects with ASD and the research 
results have clearly indicated a deviation from the typical pattern of hand preference in subjects with ASD. All 
handedness-related abnormalities described in the literature have greater frequency in autistic population: left-
handedness and/or mixed handedness (Barry & James, 1978; Bishop, 1990; Boucher, 1977; Colby & Parkison, 
1977; Cornish & McManus, 1996; Gillberg, 1983; Leboyer, Osherham, Nostem, & Robertoux, 1988; Soper et al., 
1986; Tsai, 1982), weak, inconsistent or ambiguous handedness (Bryson, 1990; Colby & Parkison, 1977; Escalante-
Mead, Minshew, & Sweeney, 2003; Hauck & Dewey, 2001; Scharoun & Bryden, 2015; Soper et al., 1986), 
dissociation of hand preference and hand skill (McManus, Murray, Doyle, & Baron-Cohen, 1992). Also, it was 
reported that autistic subjects with disordered early language development showed more atypical hand preference 
than both autistic subjects with normal early language development and typically developed subjects, supporting the 
assumption, that the establishment of atypical cerebral dominance may be one cause of disordered language 
development in ASD (Escalante-Mead, Minchev, & Sweeney, 2003). 
Although lateral preferences in the use of sensory organs and limbs have been considered among the most 
obvious functional asymmetries in humans (Hellige, 1993), except for handedness, there are almost no studies 
examining the relation of autism with other types of sensory (eye, ear, smell) and motor (foot) asymmetries. To date 
and to my knowledge, only one study has investigated the relation of autism with footedness as the results received 
revealed greater inconsistencies in foot preference in children with high functioning autism and Asperger syndrome 
compared to typically developing children (Markoulakis et al., 2012). Likewise, only one study has examined the 
relation of ASD with eyedness and nasal cycle and have found significantly higher rates of left-eye preference and 
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left nasal dominance (as well as left-hand preference) in children with ASD compared to normal children (Dane & 
Balci, 2007). As far as the relation of ASD with earedness is concerned, no study to date has been conducted. 
Taking into account the increasing recognition of the importance of sensory and motor asymmetries in 
determining observed patterns of cerebral dominance (see Dittmar, 2002), and highly insufficient exploration of the 
relationship between autism and eye, ear and foot preferences, this study was designed to investigate the differences 
between typically developing children and autistic children with severe impairment of language development in four 
lateral preferences (handedness, footedness, eyedness, and earedness) in order to test the validity of the hypothesis 




Seventeen children with ASD and a history of severely disordered early language development (10 boys and 7 
girls, range 5.7–16.1 years of age; Mean age=9.8 years, SD=3.1), participated in the study. All autistic children met 
DSM-IV diagnostic criteria for autism (DSM, 1994). At the time of the study all attended a resource center for 
autistic children. Two children (1 boy and 1 girl) were nonspeaking and another 5 children (4 boys and 1 girl) had a 
heavily underdeveloped phrasal speech with their spontaneous spoken language mainly presented by stereotyped 
expressions and echolalias. According to the data from anamnesis and medical records all children with ASD had 
normal hearing and absence of movement disorders. 
The control group consisted of 17 typically developing children (7 girls and 10 boys, range 5.3–12.8 years of age; 
Mean age=8.10 years, SD=2.8). All controls were pupils in mainstream school or kindergarten. On the basis of 
information provided by parents, school psychologists and/or medical persons, all controls had normal hearing, 
normal language and intellectual development, and good academic success. 
All children participated voluntary and with the parents’ and the school institutions’ consent. 
 
2.2. Assessment of handedness 
The assessment of handedness was made by a performance test including ten manual activities which usually are 
not a target of purposeful education and most probably have not been the target of social pressure for switching of 
left hand preference: striking a match, throwing a ball, combing, taking an object, waving goodbye, 
zipping/unzipping, putting glasses in a spectacle, threading a needle, picking up a glass of water, unscrewing a lid. 
Each activity was scored as left = –1 and right = +1. A Quotient of manual asymmetry (Qма) was calculated 
individually for each child, using the formula: [(R-L)/(R+L)]×100, where R is the number of actions performed with 
the right hand and L is the number of actions performed with the left hand. Children who scored between –70 and 
+70 were classified as mixed-handed, those who scored +71 and +100 were classified as right-handed, and those 
who scored between –71 and –100 were classified as left-handed. These cut off points have been established by 
Dragovic (2004) depending on statistical criteria. 
In order to assess the consistency of hand preference, each child’s handedness was measured in two repeated 
sessions. The second testing session was done not earlier than 24 hours following the first. The handedness was 
determined as inconsistent when the participant showed a different type of handedness in the first and second testing 
sessions and as consistent in cases with lack of such a change across the sessions. 
 
2.3. Assessment of eyedness, eardness and footedness 
 
Assessments of eyedness, eardness and footedness were made by performance tests consisting of two activities 
each: for eye – looking through a door’s keyhole and looking through a telescope; for ear – listening to the tick-
tacking of a clock closed in a small box and listening in though a wall; for foot – kicking a ball and stepping up onto 
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a chair. Each activity was scored as left = –1 and right = +1, so that the children who scored +2 were classified as 
right-eyed/eared/footed, those who scored –2 were classified as left- eyed/eared/footed, and those who scored 0 
were classified as mixed-eyed/eared/footed. 
In order to assess the consistency of lateral preferences, the eyedness, eardness and footedness of each child were 
measured in two repeated sessions.  The second testing sessions were done not earlier than 24 hours following the 
first ones. The eyedness, eardness and footedness were determined as inconsistent when the child showed different 
scores for the first and the second testing sessions. 
For statistical evaluation, the crosstab chi square test and two-sample analysis in the SPSS 16.0 were applied. 
2. Results 
An overview of the results from the comparative handedness measurements of the group with ASD and the 
control group is presented in Table 1.  
Table 1. Distribution of participants in study groups according to the demonstrated type of handedness in the first and second testing sessions 
                                                      First testing session                                                                 Second testing session 
                            Left-handers        Mixed-handers        Right-handers                Left-handers        Mixed-handers        Right-handers 
                                                  n       %                 n        %                  n       %                           n       %                 n       %                    n       % 
Control group                           1      5.9                2       11.8              14      82.4                         1      5.9                2      11.8               14       82.4 
Group with ASD                      0      0.0              11       64.7                6      35.3                         0       0.0             10      58.8                 7       41.2 
 
As shown in the Table 1, each of the studied groups demonstrated very similar patterns of distribution of the 
participants according to the type of manual preference in both handedness measurements. The obtained results 
revealed that a significantly higher percentage of controls exhibited right-handedness in comparison with the group 
with autism (p<0.05), and in contrast, a significantly higher percentage of children with ASD showed mixed-
handedness in comparison with the control group (p<0.05). No significant between-group differences were found 
with respect to the left-handedness (p>0.05). For type of handedness, there were significant differences between 
control and autistic groups in first (χ2|2| =10.431, p=0.005, Cramer’s V=0.554) and second (χ2|2| =8.667, 
p=0.013, Cramer’s V=0.505) testing sessions. 
With respect to the handedness inconsistency, the between groups’ comparison again found significant 
differences: only one child (5.9%) from the control group versus 6 children (35.3%) from the group with ASD 
demonstrated different type of handedness across testing sessions (χ2|1| =4.497, p=0.034, ϕ =0.364). 
Results from the assessment of eyedness are presented in Table 2. 
Table 2. Distribution of participants in study groups according to the demonstrated type of eyedness in the first and second testing sessions 
                                                   First testing session                                                         Second testing session 
                       Left-eyedness       Mixed-eyedness       Right-eyedness              Left-eyedness       Mixed-eyedness       Right-eyedness 
                           n        %                 n        %                    n        %                          n        %                 n        %                   n        % 
 
Control group                      1        5.9               3      17.6                 13      76.5                        1       5.9                 6      35.3               10     58.8 
Group with ASD                 2      11.8               3      17.6                 12      70.6                        0       0.0               10      58.8                7      41.2 
 
In the 1st testing session, both groups demonstrated very similar patterns of the results as the majority of the 
participants showed right-eyedness: 76.5% of the control group and 70.6% of the group with ASD. In the 2nd testing 
session, however, a reduction of the proportion of participants with right-eyedness was observed in both groups: 
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from 76.5% to 58.8% in the control group and from 70.6% to 41.2% in the group with ASD. This reduction was 
more distinct in the group with ASD, so that the percentage of children with right-eyedness (41.2%) became less 
than the percentages of children with mixed-eyedness (58.8%). Nevertheless, for type of eyedness, there were 
insignificant differences between control and autistic groups in the first (χ2|2| =0.373, p=0.830, Cramer’s V=0.105) 
and second (χ2|2| =2.529, p=0.282, Cramer’s V=0.273) testing sessions. 
Statistically significant between-group differences, however, were found regarding the inconsistency of eyedness. 
The obtained results revealed higher percentages of the group with ASD (58.8%) showed eyedness inconsistency in 
comparison with the control group (23.6%) (χ2|1| =4.371, p=0.037, ϕ =0.359). 
Results from the assessment of eardness are presented in Table 3. 
 
Table 3. Distribution of participants in study groups according to the demonstrated type of earedness in the first and second testing sessions 
 
                                                              First testing session                                                                  Second testing session 
               Left-earedness        Mixed-earedness        Right-earedness              Left-earedness        Mixed-earedness        Right-earedness 
                     n        %                  n        %                    n        %                            n        %                 n        %                       n        %    
Control group                0        0.0                2       11.8                15       88.2                         1         0.0              2       11.8                   15       88.2 
Group with ASD           0        0.0                2       11.8                15       88.2                         3       17.6              5       29.4                     9       52.9 
   
In the 1st testing session both groups demonstrated absolutely identical patterns of the results as 88.2% of the 
children in each study group showed right-ear preference (χ2|1| =0.000, p=1.000). In the 2nd testing session, the 
control group entirely retained the results, but the group with ASD demonstrated strong decrease of the percentages 
of children with right-earedness, from 88.2% to 52.9%. Nevertheless, the between-group differences with respect to 
the frequency of right-earedness did not reach statistical significance (χ2|2| =5.786, p=0.055, Cramer’s V=0.413). 
Statistically significant difference was found regarding the inconsistency of earedness. Results revealed that 
higher percentage of children in the group with ASD (47.1%) showed earedness inconsistency, changing the type of 
ear preference across testing sessions, compared with the control group (11.8%) (χ2|1| =5.100, p=0.024, ϕ
=0.387). 
Only the assessment of footedness did not show any differences between the control group and the group with 
ASD (Table 4). 
 
Table 4. Distribution of participants in study groups according to the demonstrated type of footedness in the first and second testing sessions  
 
                                                            First testing session                                                                  Second testing session 
                                         Left-footers         Mixed-footers         Right-footers                     Left-footers          Mixed-footers          Right-footers 
                           n        %                n         %                n         %                               n        %               n        %                 n        %                    
Control group                      0        0.0              5        29.4            12        70.6                            0        0.0            52       29.4            12        70.6 
Group with ASD                 0        0.0              4        23.5            13        76.5                            0        0.0              6       35.3            11        64.7 
 
The majority of the control group (70.6% in both testing sessions) and the group with autism (76.5% in the 1st 
testing session and 64.7% in the 2nd one) showed right-footedness. The rest of the group demonstrated mixed-
footedness. In summary, there were no significant differences between the two groups with respect to the 
demonstrated type of footedness in the first (χ2|1| =0.151, p=0.697, ϕ =0.067) and second (χ2|1| =0.134, p=0.714, 
ϕ =0.063) testing sessions. 
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 No differences were also found with regard to the inconsistency of footedness: one third of both groups (at 
33.5% in each group) changed the type of foot preference across testing sessions (χ2|1| =0.000, p=1.000). 
 
4. Discussion 
This study aimed to provide data on lateral preferences among children with ASD and comorbid severe language 
impairment compared to age- and gender-matched typically developing children in order to test the hypothesis that 
autistic individuals with history of early language disturbance exhibit an abnormal cerebral dominance. 
Two sensory asymmetries (eyedness and earedness) and two motor asymmetries (handedness and footedness) 
were explored in two repeated sessions. The obtained results showed that the group with ASD demonstrated atypical 
patterns of hemispheric dominance for all investigated modalities, except the footedness. 
In this study, the incidences of mixed handedness and ambiguous handedness were significantly higher in autistic 
children compared to normal children. These findings are in agreement with previous observations on 
the disturbances in hand preference in ASD (Barry & James, 1978; Bishop, 1990; Escalante-Mead, Minshew, & 
Sweeney, 2003; Hauck & Dewey, 2001; Soper et al., 1986). Soper et al. (1986) reported a dramatic shift away from 
right-handedness in lower-functioning autistic subjects due to an increased frequency of two phenotypes, 
manifesting left-handedness and ambiguous handedness, as the ambiguously handed were found to exhibit much 
lower intellectual scores. Hauck and Dewey (2001) found that the lack of a definite hand preference in children with 
ASD was linked with poorer performances on motor, language, and cognitive tasks. Escalante et al. (2003) 
compared high functioning autistic individuals with and without early language impairment and healthy individuals 
on an assessment of manual preference by the Edinburgh Handedness Inventory and found an increased rate of left 
handedness among autistic individuals with a history of early language disturbance and a higher incidence of mixed 
handedness in all autistic individuals with and without early language impairment. In a recent study Scharoun and 
Bryden (2015) assessed three measures of handedness (Waterloo Handedness Questionnaire, Annett pegboard, and 
WatHand Cabinet Test) in two repeated sessions and reported that although no differences were revealed between 
children with ASD and normal children, children with ASD demonstrated variable performance of the Annett 
pegboard, providing partial support for literature describing autistic individuals as having a weak hand preference. 
The above-mentioned results of previous studies suggested that the increased incidences of mixed or ambiguous 
handedness were due to maturational delay (Barry & James, 1978) or disturbances (Escalante-Mead, Minshew, & 
Sweeney, 2003) in establishing lateral preferences and were interpreted as supporting the bilateral brain dysfunction 
hypothesis (Hauck & Dewey, 2001; Soper et al., 1986). Present results fully support these speculations. 
With regard to the other lateral preferences evaluated in this study, the rates of inconsistent or ambiguous 
earedness and eyedness were significantly higher in autistic children compared to normal children. In addition, a 
slight tendency towards increased incidences of non-right ear and eye preferences was also detected in autistic 
group. No between-group differences were found with respect to the footedness. 
Our findings concerning eyedness and footedness are not consistent with the findings reported by Markoulakis, 
Scharoun, Bryden, and Fletcher (2012) and Dane and Balci (2007): Markoulakis et al. reported greater 
inconsistencies in foot dominance, and Dane and Balci reported higher rates of left-eyedness in autistic children 
compared to normal children. Possible reasons for these discrepancies could include methodological 
differences, and differences in characteristics of the studied samples: Markoulakis et al. examined 12 children with 
high functioning autism and Asperger syndrome, ages 6-9 years, and assessed motor control skills through a variety 
of footedness tasks; Dane and Balci investigated 37 subjects with autism, ages 5-20 years, and used only one 
activity to define the dominant eye; in the present study, 17 children with ASD and severe language impairment, 
ages 5-16 years, were assessed for their eye, ear, and foot preferences by performance tests each of which included 
two activities. 
To sum up, autistic children with a history of severe early language disturbance had much more incidences of 
mixed and inconsistent handedness, inconsistent eyedness and inconsistent earedness compared to typically 
developing children. 
As a general conclusion, based on present findings it can be stated that ASD with comorbid early language 
impairment may be associated with weak or ambiguous laterality and lack of hemispheric dominance probably due 
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to a bilateral brain dysfunction. Moreover, present results strengthened a phenotypic link between specific language 
impairment and a subgroup of ASD and provided additional support to the assumption that the atypical pattern of 
cerebral laterality can be linked with the comorbid language disorder rather than with the ASD per se (Blackstock, 
1978; Dawson et. al., 1982, 1986, 1989; De Fossé et al., 2004; Escalante-Mead, Minshew, & Sweeney, 2003; Knaus 
et al., 2010). 
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